We hypothesized that no-margin resections for hepatocellular carcinoma do not negatively affect patient outcomes.
with exposure of the tumor surface at the cut stump (the cut surface of the remnant liver) with no surgical margins (exposure group), because the tumor adhered to the major hepatic vascular structures. The remaining 365 patients underwent resections without exposure of the tumor surface (nonexposure group). There were no significant differences between the 2 groups regarding the recurrence and overall survival rates. There were also no significant differences between the 2 groups with respect to the recurrence rate at the cut stump or the number and the location of intrahepatic recurrences, despite the less favorable clinical histories in the exposure group.
Conclusions: Limited resection with no margin seems to be the best procedure for patients with tumors close to the major hepatic vessels and with hepatic functions that do not permit wide-margin resections.
Arch Surg. 2007 ;142 (7) :596-602 R ESECTION MARGIN HAS BEEN widelyexaminedforitseffect on the postoperative outcome of patients with hepatocellularcarcinoma(HCC), but its significance remains controversial. A few studies have shown that a resection margin smaller than 1 cm was an adverse prognostic factor for long-term survival, [1] [2] [3] [4] [5] [6] [7] [8] butothershavefoundnocorrelationbetween the width of the resection margin and longterm outcome. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] These seemingly conflicting results have resulted in a discrepancy among hepatic surgeons on the definition of curative resection for HCC.
In general, it is thought that both surgical curability and postoperative hepatic functional preservation are crucial for the successful treatment of patients with HCCs. 17, 18, 20, 21 Especially in patients with cirrhosis, smaller surgical margins would better prevent postoperative complications, including liver failure, though there is a concern of recurrence in the remnant liver, including the cut stump (the cut surface of the remnant liver). For patients with cirrhosis, the balance between surgical curability and preservation in function of the remnant liver is of great importance. Liver resection for a central tumor is often anatomically restricted by the hilar structures, including the main portal branches as well as the main trunks of the hepatic veins. 5, 22, 23 For such centrally located tumors that are close to the major intrahepatic vessels, resections are difficult to perform with adequate surgical margins. To avoid postoperative liver failure for patients with cirrhosis, hepatic surgeons often have no choice but to carefully dissect and resect the tumor away from vascular structures (exposing the tumor surface) to remove tumor tissue adhering to or compressing the large vascular structures.
Although many reports have recently indicated that there is no correlation between surgical margins and postoperative outcome, [17] [18] [19] most hepatic surgeons believe that an adequate margin should be at least 5 mm or wider for HCC resections. In addition, there is no worldwide consensus or clear evidence that a 0-mm margin for curative resection is feasible for HCC associated with cirrhosis. 20 To evaluate the clinical utility of a 0-mm margin resection for HCC, we analyzed the outcomes of patients whose tumors were peeled from the major hepatic vessels and removed (exposing the tumor surface) and the outcomes of patients whose tumors were resected without exposing the tumor surface at the cut stump.
METHODS

PATIENTS
To assess the validity for no-margin resections for HCC, we used a database from Kansai Medical University, the data of which were prospectively collected from January 1, 1992, to December 31, 2005 . We enrolled all consecutive patients with a preoperative diagnosis of HCC who were admitted to our department as candidates for surgical resections with curative intent (Figure 1) . By December 31, 2005, a total of 465 patients had undergone surgical treatment for their HCCs. Of these 465 patients, a total of 38 cases were excluded: 2 cases of open laparotomy were excluded because of advanced unresectable tumors; 11 patients who underwent ablation therapy by laparotomy alone were excluded because they had advanced unresectable tumors; 20 cases with tumors were excluded postoperatively, because the tumors were histologically proven to be lesions other than HCCs (ie, preoperatively misdiagnosed); and 1 patient case was excluded because its resection margin status was unknown. Four patients withdrew from follow-up just after discharge.
The remaining 427 patients were observed either until death or until the last follow-up date for the living patients. The resection method and the length of the resection margin of these patients were recorded immediately after operation. Because the tumors adhered to and compressed the major hepatic vascular structures, the tumors in 62 of these 427 patients were peeled from the vascular structures and removed, thus exposing the tumor surface at the cut stump (exposure group). These 62 patients underwent an operation with a macroscopic 0-mm resection margin. The remaining 365 patients underwent conventional resections with no macroscopic exposure of the tumor surface at the cut stump (nonexposure group) (Figure 1 ).
Twenty cases were preoperatively misdiagnosed in this study. However, if these patients were enrolled for survival analysis, they would elevate the apparent survival, as postoperative histopathological examination revealed that 14 of these misdiagnosed patients had benign tumors. To avoid this potential bias, cases of preoperative misdiagnosis were excluded. In contrast, operative or hospital cases of death and even macroscopically noncurative cases were included. For example, we included patients whose main tumors were removed and whose remaining satellite nodules were treated with ablation therapy.
FOLLOW-UP
Perioperative clinical factors, such as patient characteristics, preoperative liver function data, operative factors, and tumor characteristics,werecomparedintheexposureandnonexposuregroups. Patients' cirrhotic statuses were histopathologically determined in the noncancerous liver tissues, according to the New Inuyama Classification. 24 The staging system we used followed General Rules for the Clinical and Pathological Study of Primary Liver Cancer by the Liver Cancer Study Group of Japan, 25 which is commonly used in Japan. The overall survival, defined as the interval between the date of operation and the date of death or date of last follow-up information for the living patients, was also evaluated. By the time of analysis, the latest enrolled patient had been followed up for at least 2 months. The most common cause of death was cancer; all other causes of death, such as liver failure and variceal bleeding, were included. The recurrence rate was also evaluated and was defined as the interval between the date of operation and the date that a diagnosis of recurrence was confirmed by sonography, computed tomography, magnetic resonance imaging, or hepatic angiography. The no-recurrence rate was calculated after censoring the patients who had not shown a recurrence at the time of death.
All patients were given follow-up examinations with routine liver biochemical tests. Every 3 months, biochemical tests were performed at the central hospital laboratory. Liver ultrasonography was also performed every 3 months. In addition, computed tomography and/or magnetic resonance imaging were performed every 6 months. Finally, an angiographic examination was performed after admission when a recurrence was suspected. Once an intrahepatic recurrence was confirmed, patients in both groups generally received transarterial chemoembolization. The largest recurrent tumor was found at the cut stump.
OPERATIVE PROCEDURE
After laparotomy, the tumor location and its relationship to the Glisson sheath and hepatic veins were determined by intraoperative ultrasonography following liver exposition. Liver tissue was coagulated by repeated insertion of a monopolar microwave tissue coagulator needle electrode along the intended resection line that was 1 to 2 cm away from the tumor, as previously described by Ryu et al. 26 The liver tissue coagulated with the microwave tissue coagulator was dissected with forceps without using the Pringle procedure. When exposed blood vessels were encountered, WWW.ARCHSURG.COMthey were ligated with sutures. Each tumor was resected as mentioned previously, even if more than 2 liver tumors were detected and liver function was well preserved. In patients with relatively severe functional liver damage, the main tumor was resected and, simultaneously, the other remaining tumors underwent ablation therapy using the microwave tissue coagulator.
STATISTICAL ANALYSIS
To evaluate the homogeneity of the exposure vs nonexposure groups with respect to clinical background factors and to compare differences between the 2 groups with respect to operation-related factors and the modality of primary recurrence, data were analyzed using the 2 test or Mann-Whitney test. The no-recurrence curves and the overall survival curves were plotted using the Kaplan-Meier method; log-rank tests were also performed. A P value Ͻ.05 was considered statistically significant.
RESULTS
Typical images of patients in the exposure group are shown in Figure 2 . Preoperative computed tomography scans and an echogram indicate that the major hepatic vascular structures were compressed by the deep tumors. These compressions were relieved after the tumors were peeled from the vascular structures and removed. The removed specimen showed that the tumor was resected just along the tumor surface and the surrounding liver tissue was not resected at all. Table 1 presents similar clinical histories among patients in the 2 groups. However, age, albumin levels, alkaline phosphatase levels, operation method (anatomical resection or limited resection), and tumor diameters were significantly different between the 2 groups. All of the differences, except for the operation method, had a harmful effect on outcome in the exposure group. Table 2 indicates the results of operation-related factors. Of the 6 factors estimated in the study, total blood loss, amount of blood transfusion, and operation duration were significantly greater in the exposure group than in the nonexposure group. In contrast, there were no significant differences between the 2 groups in incidence of postoperative complications, the rate of hospital death, and the length of the postoperative hospital stay. Table 3 presents the outcome of modality of primary recurrence by the end of the follow-up period. There were no significant differences in recurrence at the cut stump or the number and location of intrahepatic recurrences between the 2 groups. In contrast, the extrahepatic recurrence rate was significantly lower in the exposure group than in the nonexposure group. In the exposure group, tumor capsules of 2 patients were fractured when the tumors were peeled from vascular structures during operation. However, these 2 patients had no local recurrences at the cut stump until death.
By December 31, 2005, 37 (59.7%) patients in the exposure group had recurrence of HCCs, while 227 (62.2%) in the nonexposure group had recurrences. Five years after operation, the no-recurrence rates of the exposure group and the nonexposure group were 19.1% and 23.5%, respectively. There was no significant difference between the 2 groups in the no-recurrence rate (Figure 3) . By the end of the follow-up period, 21 (33.9%) patients had died in the exposure group, whereas 157 (43.0%) had died in the nonexposure group. Five years after the operation, the overall survival rates of the exposure group and the nonexposure group were 55.7% and 55.8%, respectively. There was also no significant difference between the 2 groups in overall survival. The follow-up period for the living patients ranged from 2 to 112 months (median, 29 months) in the exposure group and from 2 to 158 months (median, 33 months) in the nonexposure group.
COMMENT
With liver resection for HCC, the main concern of a narrow or positive resection margin is postoperative recurrence (in particular, recurrence in the liver remnant). Using a wide resection margin to ensure histological clearance is a general principle of surgical oncology, but its significance for HCC resections has remained controversial despite extensive studies. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] There is no consensus regarding the definition of adequate surgical margins for curative operations for HCCs associated with cirrhosis. 20 Hepatic surgeons often encounter tumors that are centrally located and close to the large intrahepatic vascular structures. In patients with severely impaired liver function or with tumors close to these large vascular structures, an adequate surgical margin may not be feasible. Determining an optimal resection margin for HCC has remained a dilemma for surgeons, because the balance between the postoperative hepatic reserve and surgical curability will greatly influence outcome in patients with cirrhosis. [9] [10] [11] 14, 17, 18 We conducted a study to assess whether resection without a surgical margin would have an impact on cancer recurrence or survival rates in patients with HCCs, focusing on tumor recurrence in the liver remnant.
In the exposure group, operative blood loss was considerably greater than in the nonexposure group, inevitably increasing the necessity of a blood transfusion. This difference is caused by inherent difficulty (without using the Pringle procedure) in resecting tumors that are centrally located and close to large vascular structures. Therefore, the average duration of operation was also signifi- a P value Ͻ .05 was significant. b The sum of the subgroups was not equal to the total number of the patients, as the data of some patients were unknown. cantly longer in the exposure group for the same reason. However, the incidence of postoperative complications, hospital death rate, and postoperative hospital stay was not different between the 2 groups. Furthermore, our data showed that the overall survival and no-recurrence rates in the exposure group were similar to those in the nonexposure group. In addition, there was no difference in the recurrence patterns between the 2 groups, including cut-stump recurrence, despite the less favorable clinical histories in the exposure group compared with those in the nonexposure group. The surgical margin seems to have no relationship with this recurrent pattern in the remnant liver. Our results also showed that the extrahepatic recurrence rate is significantly lower in the exposure group. The cause of this difference in the extrahepatic recurrence rate is uncertain. It might be a statistical anomaly. However, this result implies that the no-margin resection does not promote distant metastases.
Although tumor clearance at the resection margin may be helpful in preventing local recurrence, given that most intrahepatic recurrences arise from either portal venous dissemination 9, 16 or multicentric carcinogenesis, 27, 28 it is understandable that a wide resection margin may not have a significant impact on the risk of HCC recurrence. In patients with limited functional liver reserve undergoing resection for their HCCs, preservation of liver parenchyma may be a more important consideration than a wide resection margin. An extensive resection of a nontumorous liver is often necessary to secure a surgical margin, especially when the tumor is close to a major vessel. However, our findings suggest that nontumorous liver parenchyma need not be sacrificed for the sake of securing a surgical margin. Furthermore, with the high incidence of recurrence in the liver remnant, a resection of HCC cannot be considered curative in a strict sense, irrespective of the resection margin. In this context, it might be said that liver resection is a palliative treatment for HCC patients with cirrhosis.
Sakon et al 21 recently reported that the intrahepatic recurrences resulted mostly from multicentric carcinogenesis or from cancer cells that already existed within the systemic circulation at the time of hepatectomy. Our results show that there were several multiple primary intrahepatic recurrences in the bilateral lobes, probably suggesting a multicentric hepatocarcinogenesis or intrahepatic recurrence via systemic circulation. This might be explained by the dominance of hepatitis C viral infections in our study population. Because it might be difficult, theoretically, to prevent multicentric carcinogenesis or intrahepatic metastasis via systemic circulation, even if wide-margin resection is accomplished, we believe that liver resection with no margin, according to tumor size and location, could achieve a good outcome for HCC patients with cirrhosis.
It was hypothesized that the increased hepatocyte regeneration after wide-margin resection might enhance hepatocarcinogenesis in the liver remnant, 15, 20, 29 because as more hepatic parenchyma is resected, more hepatocyte proliferation is required with increased replication of the hepatocytes. Therefore, it was suggested that the volume of the resected liver parenchyma should be minimal.
The angioarchitecture of the fibrous capsule of HCC is known to differ from that of the primary tumor; the blood supply of the fibrous capsule arises from both the artery and the portal vein. 11, 30, 31 If the fibrous capsule formation results from one of the host defense responses against the tumor, the true surgical margin might only be the width of the tumor capsule itself. Not needing a margin in an HCC resection may account for the reason why local ablation therapy-such as ethanol injection, microwave coagulation, cryosurgery, and radiofrequency ablation-is also effective for treatment of HCC. 20, [32] [33] [34] [35] [36] Although surgical resection represents the best hope for long-term survival in patients with HCC, only approximately 30% or less of these patients are appropriate for operative resection because of either the extent of their disease or cirrhosis-related liver dysfunction. 32, 37 One of the reasons for this lower resection rate is that the large amount of sacrificed nontumorous liver restricts the surgical indication for patients with HCC, especially for those with cirrhosis, to avoid postoperative liver failure. 15, 18, 20, 38, 39 If surgeons consider the nomargin resection as a surgical option, patients with HCC who were previously deemed to have an unresectable form of the disease might be good candidates for curative resections, resulting in a higher resection rate. Kaplan-Meier estimates of the no-recurrence (A) and overall survival (B) rates of patients with hepatocellular carcinoma after hepatic resection. There was no significant difference in no-recurrence rate between the 2 groups on the log-rank test (P = .76). There was also no significant difference in overall survival between the 2 groups (P = .89).
